Abstract. The preventive effects of the dietary administration of brown rice and rice bran fermented with Aspergillus oryzae (FBRA) on oral carcinogenesis induced by 4-nitroquinoline 1-oxide (4-NQO) were investigated in male F344 rats. At 7 weeks of age, the animals were given 20 ppm 4-NQO in their drinking water for 8 weeks to induce tongue neoplasms. Groups of rats were fed diets containing 5 or 10% FBRA during the initiation or postinitiation phases of the 4-NQO-induced oral carcinogenesis. The other groups consisted of rats fed 10% FBRA or untreated rats. At the termination of the study (week 32), the incidences, multiplicities of tongue lesions (preneoplasms and neoplasms) and the cell proliferation activity estimated by the 5-bromodeoxyuridine (BrdU)-labeling index were compared among the groups. Feeding of 5% FBRA during the initiation phase significantly decreased the incidence (68.2 vs 36.8%; p<0.05) and multiplicity (1.05±0.84 vs 0.37±0.50; p<0.005) of the tongue carcinoma. When feeding of 10% FBRA occurred after the 4-NQO exposure, the multiplicity of tongue carcinoma was also reduced (1.05±0.84 vs 0.52±0.60; p<0.05). In addition, the dietary administration of FBRA at both doses significantly decreased the BrdU-labeling index in the oral squamous epithelium (p<0.05). Although a dose-dependent response was not observed, FBRA is effective in suppressing the development of 4-NQO-induced oral carcinogenesis by its concurrent exposure to the carcinogen. The inhibitory effect could be related to the suppression of the hyperproliferation of cells in the tongue epithelium and the radical scavenging activity of FBRA.
Introduction
Cancer of the oral cavity, mostly squamous cell carcinoma, is one of the most common neoplasms in the world (1, 2) . Worldwide, an estimated 390,000 new cases of oral cancer are diagnosed each year (3). Oral cancer incidence varies markedly around the world with the highest rates reported in developing countries, particularly in Southern Asia (India, Srilanka, Vietnam, and the Philippines), China and parts of Brazil (4) . Unfortunately, the progress of therapeutic approaches for this malignancy has not yet been sufficient to control the carcinogenic process. Despite advances in surgical procedures, radiation, and chemotherapy, the five-year survival rate for oral cancer has not improved significantly over the past several decades and it remains at about 50 to 55% (5) . Furthermore, neoplasms in the head and neck, including the oral cavity, possess certain biological properties that are multistage and multifocal carcinogenesis. Patients with oral cancer have an increased risk of developing second primary lesions of the upper aerodigestive tract within a few years after primary treatment (4, 6, 7) . Hence, it is important to discover a novel strategy to prevent and/or manage oral lesions early and effectively. One such promising approach is chemoprevention, which is a preventive strategy carried out by the dietary administration of certain natural or synthetic compounds (1, 4) .
Epidemiological and preclinical studies have clearly shown that nutrition plays an important role in reducing the risk of oral cancer (8) . One of the suitable animal models for studying the chemoprevention of oral cancer is 4-nitroquinoline 1-oxide (4-NQO)-induced rat oral carcinogenesis (9,10). 4-NQO, a water-soluble quinoline derivative, produces a spectrum of preneoplastic and neoplastic lesions in the oral cavity, especially on the tongue of rats following the 4-NQO application in drinking water or topically to the oral mucosa. Oral lesions induced by 4-NQO are morphologically and histopathologically comparable to human lesions (10) (11) (12) . Using 4-NQO-induced rat oral carcinogenesis models, naturally-occurring and related synthetic agents and other anti-oxidant/free radical scavengers derived from food have been reported to inhibit oral carcinogenesis (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) .
Rice is one of the major cereal foods in staple diets worldwide, especially in Asian countries. It has been reported that rice components, especially rice germs, play a key role in the prevention of cancer (32) (33) (34) (35) . Rice seeds and germs contain fiber and several kinds of anti-oxidants, such as ferulic acid (36) , phytic acid, tocopherol and oryzarol (32) , and related compounds, which are known for their anticancer properties (35) . Among them, ferulic acid has been reported to prevent chemically-induced oral cancer in animal models (24) . The chemoprevention of cancer by rice-based and other types of cereal grains as a food supplement is therefore a promising strategy without side effects and toxicity. Brown rice fermented with Aspergillus oryzae (FBRA) is a processed food prepared by fermenting brown rice and rice bran with Aspergillus oryzae. In previous studies, the dietary administration of FBRA had inhibitory effects on the carcinogenesis of the colon, liver, bladder and esophagus in rodents (32) (33) (34) (35) .
In the present study, we investigate the potential anticancer properties of FBRA against oral carcinogenesis induced by 4-NQO in male F344 rats. The effects of FBRA on the cell proliferation of the tongue squamous epithelium were also examined by measuring the 5-bromodeoxyuridine (BrdU)-labeling index.
Materials and methods
Animals, diets, chemicals and carcinogens. Male F344 rats, 4 weeks old, were purchased from Japan SLC, Inc. (Shizuoka, Japan). The rats were housed in a holding room under the controlled conditions of a 12-h light/dark cycle, 23±2˚C temperature, and 50±10% humidity. After 2 weeks of quarantine, the rats were randomized into experimental and control groups. They were housed three or four to a wire cage. Food and water were available ad libitum. Powder CE-2 (CLEA Japan, Inc., Tokyo, Japan) was used as the basal diet during the experiment. FBRA was supplied by Genmai Koso Co., Ltd. (Sapporo, Japan). Briefly, the manufacturing process of FBRA is as follows: The fermentation base was made by steaming the brown rice and rice bran. Aspergillus oryzae was then seeded to the fermentation base and the fermentation process was continued for 18-24 h. Subsequently, a second fermentation was continued for an additional 12-24 h for aging purposes. The fermented product was then dried and powdered. The experimental diets were prepared by mixing 5 and 10% FBRA with the CE-2 diet and stored in a cold room.
Experimental procedures. A total of 129 rats were randomly divided into 7 groups as shown in Fig. 1 . At 7 weeks of age, the rats in groups 1-5 were given 20 ppm 4-NQO in their drinking water for 8 weeks to induce tongue neoplasms. Starting at 6 weeks of age, groups 2 and 3 were fed the diets containing 5 and 10% FBRA for 10 weeks, respectively, and then switched to the basal diet, continuing for 22 weeks. The rats in groups 4 and 5 were fed the diets containing 5 and 10% FBRA, respectively, starting 1 week after the cessation of the 4-NQO treatment and continuing for 22 weeks. The rats in group 6 were fed on 10% FBRA throughout the experimental period and the animals in group 7 received the basal diet and tap water during the study period and served as the untreated control. All rats were carefully inspected daily, and the consumption of drinking water containing 4-NQO or the experimental diets mixed with the test compound was recorded to estimate the intake of the chemicals. The experiment was terminated at 32 weeks, and all the animals were sacrificed. At necropsy, all the organs including the oral cavity were carefully inspected to find preneoplastic and neoplastic lesions. The rat tongues were cut into halves longitudinally. For the histological examination, the tissues and gross lesions were fixed in 10% buffered formalin embedded in paraffin blocks, and the sections were stained with H&E. The epithelial lesions (hyperplasia, dysplasia and neoplasia) in the oral cavity were diagnosed according to the criteria described by Kramer et al (37) .
Determination of the proliferative activity of tongue epithelium by BrdU-labeling index.
To assess the proliferative activity of the tongue squamous epithelium, the BrdU-labeling indices were quantified. For the measurement of BrdU-incorporated nuclei, the animals were given an intraperitoneal injection of 50 mg/kg body weight BrdU (Sigma Chemical Co., St Louis, MO, USA) 1 h prior to sacrificing. One half of the tongue was used and processed to make serial sections after being embedding in paraffin. One section was used for histopathology, and the other for the immunohistochemical detection of the BrdU incorporation using an immunohistochemical analysis kit (Dako Japan, Kyoto, Japan). The labeling indices were calculated by counting the BrdUpositive nuclei in at least 800 cells at four different fields of the normal or non-lesional tongue epithelium of each rat under x400 magnification.
Statistical analysis. Statistical analysis on the incidence of the lesions was performed using Yates' corrected Chi-square test or Fisher's exact probability test, and the data from the measurements of the body and liver weights, multiplicity of tumors, and the BrdU-labeling index were compared by the Student's t-test. The results were considered statistically significant at p-value ≤0.05.
Results
General observations. Animals in groups 1-5 tolerated the oral administration of 4-NQO and/or FBRA well. Food intake for the test chemical groups was 16.7-18.5 g/day/rat. The final mean body and liver weights of the rats that received 4-NQO treatment (groups 1-5) were significantly reduced in comparison to the control group (group 7) as shown in Table I . This could be caused by the fact that some of the rats' body weights were reduced due to the tumor development. However, there was no significant difference in the relative liver weight among these groups. In this study, the dietary administration of FBRA caused no clinical signs or histological changes suggesting toxicity in any organ of the animals.
Incidence and multiplicity of tumors and preneoplastic lesions. In the present study, endophytic or exophytic tumors developed in the dorsal site of the tongues of the rats in groups 1-5. The tongue tumors were histopathologically squamous cell papillomas and well-differentiated squamous cell carcinomas. Only one rat in group 1 had a local invasion in the left buccal region. The animals in groups 6 and 7 did not have any preneoplastic or neoplastic lesions. The incidence and multiplicity of tongue neoplasms (squamous cell papillomas and carcinomas) in each group are shown in Tables II and III , respectively. In group 1 (4-NQO alone), the incidence of tongue squamous cell carcinomas and squamous cell papillomas was 68.2% (15/22 rats) and 13.6% (3/22 rats), respectively. In contrast, the administration of FBRA during the initiation and the postinitiation phases decreased the incidence and multiplicity of the tongue neoplasms. A significant inhibition of the incidence and multiplicity of squamous cell carcinoma (p<0.05) and total neoplasms (p<0.005) by feeding the rats 5% FBRA during the initiation phase (group 2) was observed. Although the tumor incidences in groups 3-5 were not significantly different from those in group 1, the multiplicities of total neoplasms in groups 3 and 5 (0.67±0.66 and 0.70±0.47, respectively) and squamous cell carcinoma in group 5 (0.52±0.60) were also significantly less than those of group 1 (p<0.05). Dysplastic lesions with various degrees of atypia were also found in the tongues as shown in Table IV . Feeding the rats FBRA during the initiation and postinitiation phase decreased the development of severe dysplasia in groups 2-5, although there were no significant differences in the incidences and multiplicities of preneoplastic lesions (hyperplasia and dysplasia) among the rats fed FBRA and the control group.
BrdU-labeling index. The results of the morphometric analysis of the BrdU-labeling indices in the non-lesional tongue squamous epithelium are summarized in Table V . The mean BrdU-labeling index for the tongue epithelium exposed to 4-NQO alone (group 1) was the highest among the groups and was significantly greater than that of the untreated control (group 7) (p<0.001). The dietary administration of FBRA at 5 and 10% during the initiation phase (groups 2 and 3) and at 10% during the postinitiation phase (group 5) significantly decreased the indices when compared with group 1 (p<0.005, <0.05, and <0.05, respectively). The average BrdU-labeling indices in groups 6 and 7 were similar. Table I . Body, liver and relative liver weight among the rats in each group.
No. of rats Body Liver Relative liver weight examined weight (g) weight (g) (g/100 g body weight) -
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Discussion
In the present study, the dietary administration of FBRA during the initiation or postinitiation phases effectively inhibited 4-NQO-induced oral carcinogenesis without any toxicity and pathological alteration of other organs in rats. Our results clearly indicate that the dietary administration of 5% FBRA during the initiation phase significantly suppresses Table II . The incidence of tongue preneoplasms and neoplasms among the rats in each group. 
-----------------------------------------------------------------------------------------------------Rats with tongue tumors --------------------------------------
carcinoma (%) -----------------------------------------------------------------------------------------------------
----------------------------------------------------------------------------------------------------
a Significantly different from group 1 by Yates' corrected Chi-square test (p<0.05). Table III . The multiplicity of tongue tumors among the rats in each group.
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a Mean ± SD, b significantly different from group 1 by the Student's t-test (p<0.005), c significantly different from group 1 by the Student's t-test (p<0.05). Table IV . The incidence of various types of tongue dysplasia among the rats in each group. 
-----------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------Dysplasia
the formation and growth of squamous cell carcinoma induced by 4-NQO. Feeding the rats 10% FBRA during the postinitiation phase did not significantly affect the incidence of the tongue tumors, although the treatment significantly decreased the multiplicity of the squamous cell carcinoma. This tumor-inhibitory activity is consistent with previous studies showing that FBRA inhibits the carcinogenesis of the colon, liver, esophagus and urinary bladder in rodents (32) (33) (34) (35) . The inhibition of FBRA in this study is not in a dose-dependent manner. In contrast to the dose-dependent preventive effect of FBRA on N-nitrosomethylbenzylamine (NMBA)-induced esophageal tumorigenesis in rats or urinary bladder carcinogenesis induced by N-butyl-N-(4-hydroxybutyl)-nitrosamine (OH-BBN) in mice mostly in the postinitiation phase (32) (33) , the low dose (5%) of FBRA was more effective in inhibiting tongue carcinogenesis induced by 4-NQO during the initiation phase. The exact reasons for this difference are not known, although it could be due to the variations of the experimental conditions, such as the different carcinogens and target organs used. However, our data suggest that 5% FBRA is possibly the optimal dose in suppressing tongue carcinogenesis in the initiation phase. Additional investigations regarding tissue distribution or the organ-specific effects of FBRA are needed to clarify this point.
Cell proliferation plays an important role in the initiation step of carcinogenesis. The control of cell proliferation in the target organs is regarded as a fundamental mode of action of chemopreventive agents (10, 38) . In this study, the dietary administration of FBRA during the initiation and postinitiation phases decreased the BrdU-labeling indices when compared with the carcinogen alone. Therefore, FBRA significantly inhibited the cell proliferation activity in the tongue mucosa induced by 4-NQO, suggesting that dietary FBRA could suppress the high proliferative activity of cells initiated with a carcinogen and inhibit carcinogenesis. These results are comparable to previous experiments, demonstrating the preventive effects of several natural anti-oxidants and certain synthetic compounds against oral cancer (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) 39) . To date, the mechanisms involved in the inhibition of the initiation or postinitiation events of oral carcinogenesis by FBRA are not clear. However, ferulic acid, one of the FBRA constituents, and other polyphenolic compounds such as caffeic acid, ellagic acid, and chlorogenic acid have been reported to inhibit the 4-NQO-induced tongue carcinogenesis during the initiation phase by suppressing the hyperproliferation of cells in the tongue epithelium (15, 38) . Other chemopreventive agents such as beta-carotene, hesperidin, and curcumin also exert similar effects (16, 23, 38) . Thus, one of the mechanisms by which FBRA exerts its chemopreventive activity could be related to the suppression of cell proliferation in the target tissue.
In addition, 4-NQO exerts potent intracellular oxidative stress and its metabolic product binds to DNA predominantly at guanine residues. It generates reactive oxygen species (ROS) such as superoxide radical or hydrogen peroxide. 4-NQO can undergo redox cycling and produce ROS, which contribute to tumor promotion (10) . Traditional fermented foods in Asian countries are usually prepared by the solid fermentation of steamed soybean, rice, barley, wheat and mixtures of wheat flour, with microorganisms such as Aspergillus sp., Rhizopus sp., and Bacillus natto. Some of these microorganisms have also been reported to produce physiological substances associated with anti-oxidant and antibacterial activity (40) . FBRA is a processed food prepared by fermenting brown rice and rice bran with Aspergillus oryzae. It is already known that FBRA acts as a potent free radical scavenger (32) , but the details are not well elucidated. Japanese traditional soybean products fermented with Aspergillus oryzae such as soybean paste (miso) and soy sauces (shoyu) have been found to contain several anti-oxidative isoflavones such as 6-hydroxydaidzein (6-OHD), 8-hydroxydaidzein (8-OHD) and 8-hydroxygenistein, which make them more stable against lipid peroxidation than unfermented soybeans (41) . These 8-hydroxyisoflavones have been reported to possess greater 1,1-diphenyl-2-picrylhydrazyl (DPPH) radicalscavenging activity and antiproliferative activity than the corresponding isoflavone analogs (42). In addition, these 8-hydroxyisoflavones and 6-OHD showed high antimutagenic activity. Several epidemiological and preclinical studies have suggested the preventive effects of such fermented soybean products (41) (42) (43) (44) (45) (46) . Recently, the extracts of fermented soybean Koji with its abundant hydrolytic enzyme and improved anti-oxidative activity have been found to enhance the antimutagenic effect on the mutagenesis of 4-NQO in in vitro tests (40) . Moreover, Shimoji et al reported that dihydroferulic acid and dihydrosinapic acid were isolated from Kurosu (unpolished rice vinegar) as the major constituents responsible for its radical scavenging activity (47) . These acids are produced in Kurosu through the process of the fermentation from ferulic acid and sinapic acid, respectively. It is possible that FBRA also exerts similar mechanistic principles to the fermented soybeans or Kurosu. In addition, phenolic acids contained in plant materials such as rice, green tea, and coffee beans possess a variety of biological functions including antioxidative activities. Their chemopreventive action on carcinogenesis is the suppression of metabolic activation and enhancement of detoxification that could also be related to ONCOLOGY REPORTS 17: 879-885, 2007 Table V. The BrdU-labeling index of the non-lesional area of the tongue squamous epithelium. --------------------------------------------- 
-------------------------------------------------Group Treatment No. of rats BrdU labelling examined index (%) -----------------------------------------------
-------------------------------------------------
the blocking effect on mutagenesis and carcinogenesis (36) . Further research is required to better understand the mechanisms by which dietary FBRA inhibits oral carcinogenesis.
In summary, the dietary administration of FBRA inhibits carcinogenesis in the 4-NQO-induced oral carcinogenesis rat model. The dietary feeding of 5% FBRA during the initiation phase significantly suppresses tumor development and cell proliferation in the tongue epithelium. Our data together with previous reports (32) (33) (34) (35) indicate that FBRA as a food supplement is a promising chemopreventive agent that possesses anticarcinogenic potency on the tumorigenesis of different organ sites (liver, colon, esophagus, urinary bladder, and oral cavity) possibly by the inhibition of cell proliferation and its anti-oxidant effects. Further investigations are necessary to clarify the mechanism regarding the inhibitory effects of FBRA on carcinogenesis.
